ABSTRACT: Research on the one-electron reduced analogue of NO, namely nitroxyl (HNO/NO − ), has revealed distinguishing properties regarding its utility as a therapeutic. However, the fleeting nature of HNO requires the design of donor molecules. Metal nitrosyl (MNO) complexes could serve as potential HNO donors. The synthesis, spectroscopic/structural characterization, and HNO donor properties of a {CoNO} 8 complex in a pyrrole/imine ligand frame are reported. , pK a = 11.6) 2 has not been extensively studied. This is primarily due to the rapid dimerization and dehydration of HNO to N 2 O and H 2 O (k = 10 6 M −1 s −1 ) 3 that makes this particular nitrogen oxide difficult to study. Despite its analogous structure, nitroxyl has demonstrated pharmacological and therapeutic advantages distinct from NO
has not been extensively studied. This is primarily due to the rapid dimerization and dehydration of HNO to N 2 O and H 2 O (k = 10 6 M −1 s −1 ) 3 that makes this particular nitrogen oxide difficult to study. Despite its analogous structure, nitroxyl has demonstrated pharmacological and therapeutic advantages distinct from NO
• . 4 Such properties include specific targeting of biological thiols and Fe III heme proteins, increasing the plasma concentration of calcitonin generelated peptide (CGRP, a small neuropeptide involved in vasodilation), and its positive cardiac inotrope effect (heart muscle contraction). These properties have driven the field to better understand the chemical biology of HNO through the design and synthesis of controllable donor molecules. 5 The most common donors include diazeniumdiolates such as Na 2 N 2 O 3 (Angeli's salt) 6 and N-hydroxysulfonamide derivatives (R-SO 2 -NH-OH) such as Piloty's acid. 5b,7 While reliable as HNO donors, these compounds are limited as they release other potentially reactive species or function at pH > 9.
5 Clearly, the development of better HNO donors is needed.
Metal O afforded X-ray quality crystals of 1, which revealed a square pyramidal Co center originating from the diimine-dipyrrolide N 4 ligand (basal plane) with NO in the apical position (Figure 1 ).
Relevant X-ray data and metric parameters are provided in Tables S1 and S2. The near-perfect square pyramidal geometry in 1 is indicated by its low trigonal distortion parameter (τ = 0.08) 12 and is due to the extreme planarity of the N 4 Figure S2 ).
14 Additionally, the N−O bond distance (1.172 (4) NO(g) in the synthesis ( Figure S3 ). The ν NO and diamagnetic ground state (see 1 H NMR, Figure S1 ) is typical for this class of Co nitrosyls.
13d, 16 XAS measurements support the crystallographic results obtained for 1. The X-ray absorption near edge spectrum (XANES) shows a large pre-edge feature centered at 7710.6 eV, characteristic of Co III 1s → 3d electronic transitions; the measured peak area (0.387 eV) confirms the metal is coordinated in a non-centrosymmetric ligand environment (Figure 2 ). The first inflection energy in the XANES spectrum occurs at 7721.3 eV, as in other XAS-characterized Co III compounds.
17
Simulations of the extended X-ray absorption fine structure spectral region are consistent with Co III in a five-coordinate ligand environment constructed of five O/N ligands at an average distance of 1.88 Å ( Figure S4 ). These results compare favorably to distances obtained from X-ray diffraction (avg: 1.89 Å). Taken together, these results suggest the MNO unit in 1 is best described as low-spin Co III (S = 0) bound to singlet nitroxyl anion ( Additional proof that 1 behaves as an HNO donor in the presence of stoichiometric H + stem from its reaction with Ph 3 P (Scheme 1). King established that triarylphosphines (R 3 P) react selectively with HNO donors to yield the corresponding phosphine oxide (R 3 PO) and aza-ylide (R 3 PNH): HNO + 2R 3 P → R 3 PO + R 3 PNH. 24 These molecules represent unique and quantifiable products as markers of HNO, which is measured by the amount of R 3 PO formed (R 3 PNH is reactive and hydrolyzes to R 3 PO). Accordingly, addition of H + (1.3 equiv) to the red-brown 1/Ph 3 P (1/2) mixture resulted in a lightening of this solution to a yellow-tinted transparent brown after 24 h. 31 P NMR analysis of this mixture clearly indicated the presence of Ph 3 PO (δ: 26.3 ppm), Ph 3 PNH (δ: 20.6 ppm), and unreacted Ph 3 P (−6.0 ppm) ( Figure S16 ). Additional support for Ph 3 PNH derives from using [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] NO, which afforded identical 31 P NMR features except for the doublet splitting of the 20.6 ppm peak arising from the 15 N nucleus ( 1 J P−N : 135 Hz). This result is definitive proof that 1 in the presence of H + is an HNO donor. Control experiments with Ph 3 P and 1 indicated no reaction. To evaluate the extent to which 1/H + donates HNO, the amount of Ph 3 P was quantified by HPLC (SI), which was determined to be 33% (2 equiv Ph 3 P) after 24 h. Utilizing excess (10 equiv) Ph 3 P improved the yield to 37% ( Figure S19 ). Other peaks in the chromatogram were identified as 1 and free ligand (SI), which may account for the ∼40% yield of Ph 3 PO. R 3 P-based reactions with established HNO donors have also been less than stoichiometric. Collectively, these results offer strong support that 1 and H + generate a compound that is capable of releasing HNO.
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In an effort to verify the actual species responsible for the HNO donor property, we attempted in situ characterization of intermediates utilizing high-resolution MS. For example, the MS of the 1 and HBF 4 (1/1.3; 30 min) mixture generate a major peak at m/z: 418.974(1) that is assigned to a reduced and doubly protonated cation of general formula [Co(LN 4 PhCl H 2 )(NO)] + ( Figure 3) . 25 This peak remains even after 24 h mixing. ) and m/z: 448.972 ( Figures S9, S15 ). These parameters are consistent with independently synthesized and characterized 3 and other neutral N-bound {Co(NO) 2 31 This result is analogous to the fate of 1 to give 3 in the absence of HNO-reactive molecules (Scheme 2). The reaction with Ph 3 P may take place from 4 (via tautomerization) or a transient Co-HNO intermediate structurally similar to 1. Both free and coordinated Ph 3 P represent viable possibilities as well. More detailed studies were precluded by the complexity of the process and the difficulty in isolating and detecting every reaction product. Regardless, the observed results are consistent with an HNO donor property for 1/H + . In conclusion, we report the synthesis of {CoNO} 8 1 and its reaction with H + to afford an HNO donating intermediate. In the Details of the syntheses, reactivity, spectroscopic, and crystallographic (CIF) results. This material is available free of charge via the Internet at http://pubs.acs.org.
